U N C O R R E C T E D P R O O
22
Lugworms Arenicola marina were collected from Arcachon Bay in two summers and winters of consecutive 23 years. The worms were acclimated to different temperatures (5 and 10°C for winter animals and 15°C for 24 summer animals). Each group was investigated over an experimental temperature range concerning its op-25 timum in exercise performance, acute growth rate as well as respiration and ventilation activities to reveal 26 seasonal acclimatisation effects, potential inter-annual differences and the influence of laboratory acclima-27 tion temperatures on the parameters of interest. The groups investigated at the two consecutive summers 28 yielded nearly identical results for ventilation and respiration activities. A clear seasonal difference developed 29 in exercise performance, with an optimum at lower temperatures in winter than in summer, irrespective of 30 acclimation temperature. Respiration and ventilation activities showed no significant differences between 31 winter specimens acclimated to 10°C and summer specimens acclimated to 15°C. However, an acclimation 32 temperature of 5°C for winter animals caused noticeable differences to those acclimated at 10°C. Acute 33 growth rates differed seasonally as well as between acclimation temperatures with the highest rates found 34 around 10°C in summer and around 15°C in winter. The lowest rates were recorded in winter worms accli-35 mated to 5°C. These acute patterns may reflect high thermal limits in warm acclimated winter worms and 36 temperature dependent shifts in energy demand in summer animals. 37
Introduction

43
Arenicola marina is one of the most eminent secondary producers ready been investigated in a North Sea population (Sommer, 91 2001; Sommer and Pörtner, 2004; Sommer et al., 1997; Wittmann, 92 2005; Wittmann et al., 2008 vidual mitochondrion (Sommer, 2001; Sommer and Pörtner, 2004 depending on salinity (Shumway and Davenport, 1977) and temper-129 ature (Schröer et al., 2009; Wittmann, 2005; Wittmann et al., 2008) .
130
The mechanical aspects of the lugworm pump (Riisgård et al., 131 1996) and the biogeochemical consequences for the vented burrow 132 fluids (Davey et al., 1990) Germany) using a special temperature-receiving element (6 mm 161 diameter, 500 mm length, TC Direct, Mönchengladbach, Germany).
162
Salinity was measured in tidal puddles by use of a multiple parameter 163 pocket measurement device (Multi 340i, WTW, Weilheim, Germany).
164
The length of the tail shaft of the worm's burrow was taken as a mea- 
180
The experimental setup and procedure were the same as described
181
by Schröer et al. (2009) (Schröer et al., 2009 ) were calculated for the last 3 h of each incubation respectively.
236
After the respective incubation time, the cuticulo-muscular tube 
243
The pellet was washed, suspended in distilled water and neutra- added to the water-soluble protein fraction and both were dried.
248
The total protein was dissolved in D 2 O.
249
Both cytosolic and protein extracts were measured in a NMR Spec-250 trometer (9.4 T Avance, Bruker, Rheinstetten, Germany) at frequen-251 cies of 100.6 MHz for 13 C spectra. The same parameters of the NMR 252 recordings were used as described in Wittmann et al. (2008) .
253
The protein contents of the protein extracts were quantified 254 according to Bradford (1976) . The amount of incorporated 13 C-L-255 phenylalanine was obtained as described by Wittmann et al. (2008) .
256
The calculated amount of incorporated (180 to 360 min) (see also Wittmann et al., 2008) . (A 1 e B1T +C 1 )+(A 2 e B2T +C 2 ) according to Pörtner and Knust (2007) .
272
For weight specific volume flow data the equation V w (T) = Ae BT +C 273 was used as described in Wittmann et al. (2008 perature range above 15°C (Fig. 2) . cient from 0 to 17.7°C followed by a slight decline. Summer specimens until October (Beukema and de Vlas, 1979; Newell, 1948; Smidt, 1951; 430 Wolff and de Wolf, 1979) whereas during autumn and winter growth 431 was absent. Moreover, the weight of adults tends to decrease in winter 432 (Beukema and de Vlas, 1979; Newell, 1948) . Pollack (1979) water by closing its burrow and reducing its pumping and feeding 441 activities during rainfall (Pollack, 1979) . The maximally tolerated 442 daily salinity variation amounts to 4-6‰ (Amoureux, 1966) . beginning of October (Cazaux, 1966) . Although water temperature 446 has been well correlated with reproductive cycles and has often been 447 considered to be a major factor in their control, studies have also 
emphasised the importance of local food conditions (MacDonald and 449 Thompson, 1986) , as demonstrated by Newell et al. (1982) are found already at the end of March (Cazaux, 1966 ) also argues 472 for food availability already in March.
473
Our summer animals which were acclimated to 15°C showed 474 maximum acute somatic growth at an exposure temperature of 10.2°C.
475
Following the same rationale as before, this might be seen as a prepara-476 tion for autumn conditions. This might also involve constraints on energy or negative during winter, rapid gamete maturation was observed 500 during the spring bloom and somatic weight declined during gamete 501 development while it increased after spawning and during periods 502 of low gametogenic activity (MacDonald and Thompson, 1986) .
503
Similarly, low or negative growth during the winter and generally
504
higher values in the spring and/or summer are also described for
505
Chlamys islandica (Vahl, 1980) , M. edulis (Bayne and Widdows, 1978;  506 Thompson, 1984) and Mya arenaria (Gilfillan et al., 1976 (Shafee, 1980) . In Macoma balthica, somatic growth becomes negative 513 during gametogenesis when temperatures are high, but continues 514 despite gamete development at low temperatures (DeWilde, 1975) .
515
High food availability combined with low temperatures and thereby a 516 reduced metabolic demand results in high scope for growth. These con-517 ditions would allow for simultaneous somatic and reproductive growth 518 and might be found at Arcachon in April and May. In these months,
519
gamete development already begins (Cazaux, 1966) and temperature 520 ranges around the optimum for somatic growth (see above).
521
Laboratory experiments on somatic growth in A. marina were Winter worms were acclimated to 5 and 10°C one half each and summer animals to 15°C. Incubation temperatures ranged from − 0.9 to 19.2°C for the winter groups and from 7.4 to 22.8°C for summer animals. Open diamonds: amount of incorporated 13 C-phenylalanine after 30 to 120 min of incubation; closed diamonds: amount after 180 to 360 min; n = 4 for summer data except for short incubation times at 22.8°C with n = 3, n = 3 for winter data. *1 = significantly higher than the values after short incubation times at − 0.9, 3.5 and 19.2°C as well as at − 0.9°C after long incubation times. *2 = significantly higher than the values after short incubation times at − 0.9 and 6.9°C. *3 = significantly higher than all other values.
the growth rate was considerably lower than at 5°C ( than in winter (Pollack, 1979) . This observation suggests once more 545 that food availability is a limiting factor for growth in the field.
546
The only remarkable seasonal difference was found in exercise per-547 formance (Fig. 1) . Corresponding to the concept of oxygen and capacity 548 limited thermal tolerance (Pörtner and Knust, 2007; Pörtner et al., 549 2004), digging activity displays an asymmetric bell shaped curve,
550
as already shown in a previous study (Schröer et al., 2009 ). This Huey and Hertz, 1984; Pörtner, 2006) .
560
For ectothermic vertebrates, it has already been shown that muscle 561 twitch tension decreases with increasing temperature in fast-twitch 562 muscles (Bennett, 1984) . In addition, viscoelastic properties of cell 563 membranes change with temperature, as seen for example in
564
human red blood cells (Hochmuth et al., 1980 (Guderley et al., 2008) . In these studies,
595
higher performance amplitudes also result in cold acclimated animals. ter (Newell and Bayne, 1980) . Dormancy has also been found in other 670 marine polychaetes like Lanice conchilega Q3 (Cáceres, 1997) . Dormant 671 individual relies on carbohydrate reserves for maintenance energy
